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Abstract
The concentrations of four heavy metals nickel (Ni), cadmium (Cd), lead (Pb) and zinc (Zn) were determined in liver, kidney, muscle and brain tissues of 20
slender-billed gulls (Chroicocephalus genei) from the Chahnimeh water reservoirs of Sistan and the Oman Sea coast of Iran. There were signi�cant differences
between nickel Ni, Cd, Pb and Zn concentrations observed in the liver and brains of birds from the Oman Sea coast than in liver and brains of gulls from the
Chahnimeh water reservoirs (P < 0.05).  Higher levels of Pb, Cd and Zn were found in the brain and liver of gulls than in the kidney and muscles tissues. There
were signi�cant gender differences in heavy metals in liver and brain tissue. In gulls from the coast of Oman Sea, all four elements (Cd, Pb, Ni and Zn) were
positively correlated with levels in all organs, and except for muscle, the elements were positively correlated with the other elements in the other tissue (except
Ni in brain). Thus, the pathways and sources of entry for the elements are similar, and the pathways for accumulation of these elements, and the reactions of
different organs of the body to these elements, are very similar. Also, 40% of gulls in Oman Sea coast had levels of lead in the brain that were above the
adverse effects levels, Ni concentrations in liver of slender-billed gull in Oman Sea coast (100 %) and Chahnimeh water reservoirs (90 %) were above toxic
levels, and 80% of Ni concentration in kidneys in gulls from the Oman Sea coast and Chahnimeh water reservoirs were higher than the toxicity levels.

1. Introduction
Little is known about the metal contamination in birds or other organisms from much of Iran, either from biota inhabiting salt water or those living in
freshwater habitats. Consequently, it is di�cult to determine whether birds are exposed to toxic levels, how levels in birds from Iran compare to those in birds
from elsewhere in the world, and whether birds are good bioindicators of environmental contamination. This paper compares metal contamination in gulls
from interior freshwater systems (Chahnimeh Water Reservoirs) with levels from gulls living along the coast (Oman Sea Coast) of Iran, 700 km apart. Both are
in the province of Sistan va Baluchestan, Iran.

Sistan va Baluchestan province is the largest province in Iran and has many salty and fresh water resources. One interior resource, named Zabol Chahnimeh,
has four big natural cavities located in the south of the Sistan plain (35 Km southe of Zabol city,30º45' to 30º50'N; 61º38' to 61º45'E); it spans an area of
100 million square meters, with 1500 million/m3 volume (Fig. 1). Waters from the Helmand River are stored in these natural cavities, and with the onset of the
2005 drought in the Sistan region, these water reservoirs are the only water source to �ll the drinking water needs of Zahedan and Zabol cities, as well as the
agricultural needs of the Sistan region. With the onset of this drought, and the drying down of the Halmand International Wetlands, the remaining water
resources are the only water sources for birds and aquatic organisms. Further, the Chahnimeh Water Reservoirs (CWR) on the Helmand River are the only
source of water for the cities in the Sistan region. The Helmand River is the longest freshwater river in Afghanistan; it originates from the Babayaghma
Mountains near Kabul city. After joining the Arqand and Lura Rivers near Kandahar city (after 1100 km), it enters Iran and the Sistan region, and �nally ends at
the CWR and the Halmand International Wetland. In Afghanistan, there is the Kajaki dam, and the river passes through many villages and cities, many
agricultural lands, and many factories. Increasing the number of factories and industries along the Helmand River in Afghanistan increased the possibility of
river pollution, especially from rural agricultural sewage (Dahmardeh Behrooz et al. 2013).

To the south, the Oman Sea Coast (OSC), near the Chabahar seaport in Sistan va Baluchestan province, is one of the most important, developed areas in this
province. The development of human activities along the OSC has caused these beaches to be exposed to pollution, especially from heavy metals [2]. The
most important sources of pollution are marine transportation, and the discharge of water by boats and ships, urban wastewater from Chabahar city,
wastewater upstream from the Tiss Shahid Beheshti and Shahid Kalantari ports, food and factory discharges, and agricultural land sewage (Amini-Ranjbar
and Miraki 2006).

We measured levels of cadmium (Cd), lead (Pb), nickel (Ni) and zinc (Zn) in tissue of slender-billed gull (SBG) (Chroicocephalus genei) in CWR and OSC from
Iran. The objectives of this study are: 1) to monitor heavy metals contamination in the CWR and OSC areas to aid in development of a protection plan for this
species and these regions, 2) to investigate heavy metals in various tissue of gulls to determine the best organs to use as a bioindicator for changes in heavy
metal exposures, and 3) to examine the relationship between heavy metals and sources of pollution in these areas.

Heavy metals have toxic and long-lasting effects on the environment, pose a signi�cant threat to ecosystems, and can lead to ecosystem degradation (Zhang
et al. 2018). Cd and Pb are very toxic and non-essential elements in the body. If Cd is absorbed by the body through the digestive and pulmonary systems, it
combines with a set of proteins to transport and store Cd in the liver of organisms (Szymczyk and Zalewski 2003). Pb can also have long-term effects on
birds' organs and tissues if absorbed by birds (Beyer & Meador 2011). Zn is an essential element in the body of birds, but high levels of Zn can lead to
poisoning and damage to the liver and pancreas tissues of birds (Kalisińska et al. 2007).

The level of contamination increases with increased trophic level; species that are higher on the food chain have increased bioaccumulation (Ullah et al.
2014). Indicator species are used to assess the effects of contaminations, and wild birds are important indicators because they forage on a range of food
sources (Erwin and Custer 2000). Birds are widely distributed and occupy a high trophic level on the food chain (Barbieri et al. 2010). Among seabirds, gull
species are top-level predators, are highly sensitive to toxic elements, have a wide geographical distribution, have been used as bioindicators, and are easy to
sample (Savinov et al. 2003; Braune and Simon 2004; Malinga et al. 2010; NERGİZ 2019). Gulls often live close to humans and industry, human garbage
forms a large part of their diet, and levels of contaminants can be compared to other seabirds, such as P. carbo, U. lomvia, S. mollissima, and albatrosses
(Vizuete et al. 2018).

2. Materials And Methods

2.1. Collection of samples
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Twenty individual slender-billed gulls (SBG) were purchased from �shermen in the CWR (n = 20) and OSC (n = 20) during February and March, 2019 (Fig. 1).
Birds were weighed and stored in plastic bags that were previously cleaned with acetone and water. Samples were kept at -20oC until dissection and analysis.

2.2. Analytical procedure
Birds were thawed, and liver, kidney, brain and pectoral muscle tissues were collected. Samples (1 to 3 g wet weight) were placed into Erlenmeyer �asks with
150 Ml, ten mL 65% HNO3 (Suprapure, Merck, Darmstadt, Germany) was added to the Erlenmeyer �asks, and was slowly digested overnight after �ve mL
HClO , 70% was added to each sample (Suprapure, Merck, Darmstadt, Germany) (Mansouri et al. 2012a). For digestion we used a hot plate (sand bath) at the
�rst step at 200oC, for about 6 h or until the solutions were clear after cooling, and in the second step each sample was transferred to polyethylene bottles and
deionized water was added until the sample equaled 25 mL. In each set of eight samples, one control sample was prepared and examined. Then the solution
was �ltered using a 0.45 µm nitrocellulose membrane �lter. A Shimadzu AA 680 �ame atomic absorption spectrophotometer was used for determining the
concentrations of heavy metals. The detection limits for Cd, Pb, Ni and Zn were 0.09, 0.04, 0.06 and 0.09 µg/g respectively. The obtained recoveries for Cd, Pb,
Ni and Zn averaged from 88% to105%.

2.3. Quality Control
Procedural blanks and certi�ed reference material (CRMs, e.g. DOLT-2 and DORM-2) were included in each sample batch. To determine the detection limit of
heavy metals in the samples, blank samples were injected three times for analysis and the result with 3-times the standard deviation of the procedural blanks
(0.08, 0.05, 0.07 µg/g dw and 0.1 in Cd, Ni, Pb and Zn respectively). The precision and accuracy of the applied analytical method was determined based on
CRMs, e.g. DOLT-2 and DORM-2 heavy metal in sample. The results of our CRMs measurements were a good estimate of the real values. In each sample
batch, procedural blanks and certi�ed reference material DOLT-2 and DORM-2 were included. For each matrix, analyses of three blank samples and analysis of
reagent blanks was performed. In order to estimate the accuracy and precision of the chemical analysis; sample blanks, standard blanks and three analytical
duplicates with the concentration of 1.2 µg/g were injected and their mean and its 95% con�dence interval was calculated. Quanti�cation was based on multi-
level calibration on the concentrations of 0.1, 0.5, 3, 15, 50 and 100 µg/g; and then the standard calibration curve was drawn with 99% accuracy. All
concentrations are expressed in µg g− 1of d.w.

2.4. Statistical analysis
For data analysis we used SPSS (Version 20.0). The data were tested for normality using a Kolmogorov-Smirnov test. For determination of normal distribution
and homogeneity of variance of heavy metals levels in the tissue samples, we used the Kolmogorov-Smirnov test and after normalizing the data, we used
parametric statistics. To test differences in total heavy metals levels among groups we performed a one-way ANOVA, and then applied the Duncan’s post hoc
test for differences in levels between areas. Differences in total heavy metals levels between the two regions were determined by an independent t test.
Spearman’s rank correlation coe�cients were used to test for correlations among various heavy metals. A p value < 0.05 was considered to indicate statistical
signi�cance.

3. Results And Discussion
The median levels of Zn, Pb and Cd in the tissues of SBG were (in decreasing order): brain > liver > muscle > kidney (OSC), and brain > liver > kidney > muscle
(CWR). There was a signi�cant difference (P < 0.05) in Zn, Pb and Cd concentration between brain and liver compared to kidney and muscles in gulls of OCS
(Fig. 2). The median concentration of Ni in the tissues differed and was (in decreasing order): liver > kidney > muscle > brain (OSC) and liver > muscle > kidney > 
brain ((CWR). There was a signi�cant difference in the Ni level between the brain and the liver, kidney, and muscle (P < 0.05) (Fig. 2).

The levels of heavy metals in muscle tissue were lower than in other tissues, and our results agree with other studies that reported that muscle tissue does not
accumulate these four heavy metals. Also, in this study the brains of gulls had the highest concentration of metals, except Ni (P < 0.05). Analysis of heavy
metals in the internal organs of birds allows for assessment of environmental pollution. The level of metal a body absorbs and accumulates depends on the
level of exposure, the chemical form of an element, the interaction among elements, and physiological factors of the bird species (Gochfeld and Burger 1987).
Accumulation of pollutants in the internal organs of their bodies is greatly affected by the contaminant level of the food and water ingested. Liver and kidney
are sites of detoxi�cation, re�ect long-term bioaccumulation, and experience long periods during which they have accumulated metals (Burger and Gochfeld
2016), while muscle and brain are sites of accumulation, but not of detoxi�cation (Janaydeh et al. 2016) Other studies show that levels of Pb in liver and brain
increase with age, and this can be due to accumulation as Pb complexes with metallothioneins, resulting in a long half-life (Zaccaroni et al. 2003).

If birds are exposed to high concentrations of Pb and Cd, these elements can accumulate in high concentrations in the brains of these birds, such as in white-
tailed eagle (Haliaeetus albicilla) of and scavenging gulls; brain tissue levels were related to dietary contamination (Hulse et al. 1980; Szefer and Falandysz
1987). Similar to the results in our study, the levels of Pb and Cd in some bird species at high trophic levels had high levels in their brain tissue (Grue et al.,
1986; Morris et al., 1992; Rice, 1992; Vaneeden and Schoonbee, 1992a). Relatively low (up to 0.4 ppm wet wt) Pb, but not Cd levels, were recorded in the brain
of pelagic seabirds (Morris et al. 1992; Rice 1992). Redknobbed coots (Fulica cristata) from industrialized and polluted region of South Africa had Pb levels in
brain that increased to 25 ppm (dry weight), 2 and 4 times as much as in kidneys and liver (Vaneeden and Schoonbee 1992b). These studies on the
accumulation of heavy metals in the brain of birds should be further compared to other organs of the body. Different adaptations of birds to the environment,
as well as the reaction and function of the brain against different contaminants, can be one of the factors affecting the absorption of contaminants in birds'
brains. There are few studies of the levels of heavy metals in the brain tissues of birds, and this requires further investigation.

Signi�cant differences in levels of Ni, Cd, Pb and Zn concentrations were observed between the liver and brains of birds of the OCS and those of birds in the
CWR (Table 1 and Fig. 1). Gulls of the OSC had signi�cant and positive correlations among concentrations of Cd, Ni, Pb and Zn in the kidney, liver and brain



Page 4/12

tissue (but not Cd in the brain) (Table 2). On the contrary, all elements in each of the tissues in gulls from the OSC were positively correlated with each other
(Table 2).

Table 1
Mean, median, minimum and maximum (µg/g d.w) in Liver, kidney, brain and muscle of of slender-billed gull (Chroicocephalus genei) from the Chahnimeh w

reservoirs of Sistan and Coast Oman Sea from Iran.

  Liver Kidney Brian Muscle

Location Zn Pb Cd Ni Zn Pb Cd Ni Zn Pb Cd Ni Zn Pb Cd N

Coast
Oman Sea

Mean 30.84 2.86 2.55 14.72 9.28 1.01 0.73 4.59 64.34 6.19 4.17 .70 8.86 0.85 0.66 4

Median 27.75 2.60 2.15 14.80 8.60 0.85 0.70 4.50 44.65 4.45 3.00 .45 7.90 0.70 0.60 3

Minimum 18.00 1.70 1.30 8.50 6.30 .60 0.50 3.10 32.50 3.00 1.00 .30 6.90 0.60 0.40 3

Maximum 46.20 4.50 5.00 21.50 13.20 2.00 1.00 6.50 123.40 12.00 10.00 1.60 14.00 1.50 1.00 6

Chahnimeh

Water
reservoirs

Mean 9.46 0.94 0.75 4.59 7.28 0.64 0.57 3.65 12.44 1.13 0.96 0.20 8.04 0.86 0.68 4

Median 8.50 .80 0.70 4.00 7.10 0.65 0.55 3.50 11.55 0.90 .85 0.20 8.00 0.80 0.65 3

Minimum 4.60 0.40 0.40 2.30 5.60 0.50 0.40 2.60 7.60 0.60 .60 0.10 7.40 0.60 0.60 3

Maximum 17.00 2.00 1.40 8.50 8.50 0.80 0.70 5.00 19.50 2.50 1.50 0.40 9.00 1.20 0.90 5

Total Mean 20.15 1.90 1.65 9.66 8.28 0.83 0.65 4.12 38.39 3.66 2.57 0.45 8.45 0.86 0.67 4

Median 17.50 1.80 1.35 8.50 7.25 0.70 0.60 3.80 26.00 2.75 1.45 0.30 8.00 0.80 0.60 3

Minimum 4.60 0.40 0.40 2.30 5.60 0.50 0.40 2.60 7.60 0.60 0.60 0.10 6.90 0.60 0.40 3

Maximum 46.20 4.50 5.00 21.50 13.20 2.00 1.00 6.50 123.40 12.00 10.00 1.60 14.00 1.50 1.00 6

Gulls of the CWR, unlike birds on the OSC, had high correlations between elements with each other in any tissue, and within different tissues. In CWR birds,
there were correlations among tissues for Cd, Pb and Zn in liver and brain tissues. There was also a correlation between the concentrations of Zn in the
kidneys with Ni in the brain, Pb in the kidneys, Cd in the muscles; Cd in kidney was correlation with Ni in the brain and Zn with muscle, and Ni in kidney was
correlated with Ni in the brain. Cd, Pb and Zn had the highest positive correlations with each other in liver, muscle, kidney and brain tissues; this shows that the
sources of these elements in CWR are the same, but unlike the OSC, the food resources used by gulls do not contain high levels of heavy metals.

The high level of heavy metals in gulls of the OCS is due to various industrial activities in this region, the most important being repairing and painting �shing
vessels, as well as releasing grease from repairing the engines of these ships on the shores (Hamzeh et al. 2013). The paints used on the surface under the
�shing vessels to prevent the development of algae and barnacles contain copper and Zn; 15 to 30% of the paint used is copper and Zn (Orlić and Tang 1999).
Grease disposal from repaired ship engines also contains metals such as Fe, Ni, Zn, Cu, Zn, and Pb, which increases metal contamination off the coast of the
region (Hamzeh et al. 2013). The high level of heavy metals in an area are often related to the activities of factories and their disposal, but there is not much
industrial activity in this area, so the high concentration of heavy metals must have other sources in addition to those mentioned. Previous studies in this area
indicate that the high concentration of heavy metals is due to natural erosion and the transport of sediments containing high concentrations of heavy metals
that originate from the Makran mountains by local rivers such as the Bahukalat River (Hamzeh et al. 2013). In addition, human activities such as restaurants,
tourism, and domestic sewage near the shoreline are other sources of heavy metals in this area (Einollahi Peer et al. 2010) .

Unlike the OSC, in CWR the only source of heavy metals is agricultural activities, including the use of chemical fertilizers and pesticides around the Helmand
River in Afghanistan and Iran, which are the only source of power for CWR (Dahmardeh Behrooz et al. 2013).

3.1. Hazard evaluation and comparisons with other sites
Reports of Zn toxicity for wild birds in liver are > 122 ng/g dw(Gomez et al. 2004), > 440 n/g dw, (Beyer et al. 2004) and 700–1830 ng/g (dw)(Sileo et al. 2003).
Zn levels in this study were lower than these Zn toxic level for wild birds. The normal level of Zn in the liver of mammals and birds usually does not exceed
525.0 µg/g dw (Taggart et al. 2009) and our results show that none of the gulls in the OSC and CWR were above that level. The concentrations of Zn in the
liver, kidney and muscle tissues of CWR and OSR gulls were lower than the others gulls reported from other parts of the world, and only the concentrations of
Zn in kidney of gulls from the OSR was higher than in coastal areas of Italy (Leonzio et al. 1986) (Table 3). The level Zn in gull of Rishiri Island, Japan was 60
µg/g d.w (Agusa et al. 2005) while the level of Zn in the brain of OSR and CWR gulls was 64.34 and 12.44 µg/g d.w re, respectively.

Table 2. Correlation coe�cient (r) between the concentrations of trace element in the liver, kidney, brain and muscles of   slender-billed gull   from the
Chahnimeh water reservoirs of Sistan and Coast Oman Sea from Iran.
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  Zn
liver

Pb
liver

Pb
liver

Ni
Liver

Zn
kidney

Pb
Kidney

Cd
Kidney

Ni
Kidney

Zn
Brian

Pb
Brian

Cd 
Brian

Ni
Brian

Zn
Muscle

Pb
Muscle

Zn
liver

1 0.937** 0.952** 0.958** 0.954** 0.880** 0.940** 0.955** 0.918** 0.895** NS 0.932** NS NS

Pb
Liver

0.970** 1 0.865** 0.862** 0.822** 0.831** 0.869** 0.860** 0.934** 0.933** NS 0.912** NS NS

Cd
Liver

0.978** 0.997** 1 0.913** 0.908** 0.836** 0.912** 0.906** 0.874** 0.856** NS 0.948** NS NS

Ni
Liver

0.988** 0.981** 0.985** 1 0.928** 0.787** 0.923** 0.947** 0.834** 0.796** NS 0.840** NS NS

Zn
Kidney

NS NS NS NS 1 0.902** 0.963** 0.980** 0.853** 0.830** NS 0.886** NS NS

Pb
Kidney

NS NS NS NS 0.819** 1 0.920** 0.918** 0.816** 0.824** NS 0.871** NS NS

Cd
Kidney

NS NS NS NS 0.645* NS 1 0.985** 0.871** 0.871** NS 0.912** NS NS

Ni
Kidney

NS NS NS NS 0.892** 0.787** 0.725* 1 0.851** 0.833** NS 0.884** NS NS

Zn
Brian

0.985** 0.968** 0.971** 0.973** NS NS NS NS 1 0.991** NS 0.966** NS NS

Pb
Brian

0.960** 0.982** 0.981** 0.981** NS NS NS NS 0.937** 1 NS 0.967** NS NS

Cd
Brian

0.930** 0.907** 0.920** 0.910** NS NS NS NS 0.944** 0.889** 1 0.534 NS NS

Ni
Brian

NS NS NS NS 0.633* 0.546 0.697* 0.767** NS NS NS 1 NS NS

Zn
Muscle

NS NS NS NS NS 0.191 0.652* 0.216 NS NS NS NS 1 0.956**

Pb
Muscle

NS NS NS NS NS 0.312 NS NS NS NS NS NS 0.642* 1

Cd
Muscle

NS NS NS NS NS 0.757* NS NS NS NS NS NS NS 0.688*

Ni
Muscle

NS NS NS NS NS 0.192 NS NS NS NS NS NS 0.969** 0.647*

NS not signi�cant      *P < 0.05       **< 0.01

Table 3 Worldwide comparison mean concentration (µg/g d.w) of Cd, Pb, Ni and Zn in slender-billed gull   OCS and CWR in Iran the other species gulls in
various countries
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  Location Reference Date
sampling

Cd       Pb       Ni  

Species       Liver Kidney Brain Muscle Liver Kidney Brain Muscle Liver Kidney

  OSR this
study

    2.55 0.73 4.17 0.66 2.86 1.01 6.19 0.85 14.72 4.59

  CWR this
study

    0.75 0.57 0.96 0.68 0.94 0.64 1.13 0.86 4.59 3.65

Sibria gull Hara
biosphere 
reserve

(Hoshyari
et al.
2012)

November
to
December
2010

0.8 2.2 - 1.1 5.1 8.8   3.4    

  Hara
biosphere 
reserve

(Mansouri
et al.
2012b)

November
to
December
2010

                2.27 1.32

L.argentatus Gull Island
(Italy)

(Elliott et
al. 1992)

1992 3.6 34     0.69          

  Kent Island
(Italy)

  1992 5.4 40     0.24          

  Mana Island
(Italy)

  1992 13       1.3          

L.argentatus Inland dump
1 (Italy)

(Leonzio
et al.
1986)

winter
1984,
1985

0.085   6.02 <0.02   3.95 n.d n.d    

  Coastal area
(Italy)

  winter
1984,
1985

0.73       1.82 3.75        

  Coastal area
(Italy)

  winter
1984,
1985

3.54 8.26   0.31 3.78 3.4   2.4    

  Inland dump
2 (Italy)

  winter
1984,
1985

1.91 4.5 0.16 0.22 3.30 13.25 0.85 2.05    

L.argentatus Chaun,
northeast
Siberia,
Russia

(Kim et al.
1996)

June-July
1993

26.3 159   0.91            

L.atricilla International
Airport,
Queens
County,

New York

(Gochfeld
et al.
1996)

May
through
Au- gust
of 1992

0.87 2.44   36.5 0.58 2.19        

L.crassirostris Rishiri
Island,
Japan

(Agusa et
al. 2005)

June
1999,
2000, and
2001

10.3 99.6 0.194 0.65 0.02 0.15 0.54 0.011    

L.hyperboreus Akpatok
Island
(Canada)

(Braune et
al. 2008)

during the
1983 and
1991 to
1993

17.4 90.3     n.d          

L.hyperboreus Coats Island
(Canada)

(Braune et
al. 2008)

during the
1983 and
1991 to
1993

8.51 79.8     n.d          

L.ridibundus South –
Western
(Poland)

(Orlowski
et al.
2008)

June and
July 2003

5.52 8.33 0.84 0.31 8.91 11.11 23.58 3.59    

L.argentatus East coast
of Scotland
(U.K) 1980

(Nicholson
1981)

during
June
1977

1.86 13.7   n.d            

nd =non detected

Concentrations of Cd > 3 µg/g d.w. and > 8 µg/g d.w in liver and kidney suggest hazardous environmental exposure (Scheuhammer 1987), and levels greater
than 40 µg/g d.w. and 100 µg/g d.w in the liver and kidney indicate toxicities (Degernes 2008). Our results show that none of the gulls in OSC and CWR were
above this toxicity level.
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The level of Cd in the liver and kidney of gulls from the OSC and CWR was low, and the level of Cd in the tissue of kidneys in the OSC and CWR was less than
in other birds in the world (Table 3). However, the levels of Cd in the liver of CWR birds was higher than an inland dump in Italy (Leonzi 1986), and the level of
Cd in the birds of OSR was higher than the birds of the inland dump (location # 1 and # 2) and the coastal area of Italy (Leonzio et al. 1986), and the gulls
from the International Airport, Queens County, New York (USA) (Gochfeld et al. 1996). There are few studies comparing Cd in the brain tissue of gulls in other
parts of the world. The level of Cd in the brain tissue of OSC and CWR was lower than inland dump (# 1) and higher than the inland dump (# 2) in Italy
(Leonzio et al. 1986) and South –Western of Poland (Orlowski et al. 2008). Cd was more abundant in OSC and CWR than in the Coastal area, Inland dump 1, 2
(Italy) (Leonzio et al. 1986), Rishiri Island (Japan) (Agusa et al. 2005), South –Western (Poland) (Orlowski et al. 2008) and lower than in International Airport,
Queens County, New York (USA) (Gochfeld et al. 1996) and Chaun, northeast Siberia (Russia) (Kim et al. 1996) (Table 3).

The threshold level for toxic exposure to Pb in liver and kidney of birds is > 6 µg/g dw weight (Clark and Scheuhammer 2003). In this study, none of the levels
of Pb in the liver and kidney were higher than the toxic limit threshold. In birds, Pb concentrations in the brain > 5 ng/g d.w. are indicative of poisoning
(Kalisinska 2000), and concentrations > 16 ng/g dw indicate an advanced state of exposure in birds (Havera et al. 1992). In this study, 40% of gulls in OSC had
levels of Pb that were higher than the threat level of exposure to Pb in brain (5.5 to 12 ng/g dry weight).

Pb was lower in the kidney tissues of OSC and CWR gulls than for other gulls, except for those from Rishiri Island, Japan (Agusa et al. 2005). Pb levels in the
brains of gulls in OSC and CWR were higher than in the gulls from the land dump (1 and 2) (Italy) (Leonzio et al. 1986) and Rishiri Island, Japan (Agusa et al.
2005) and less than that of birds in South –Western (Poland) (Orlowski et al. 2008). Pb in OSC and CWR gulls muscle was higher than in those birds from the
inland dump (1) (Italy) (Leonzio et al. 1986) and from Rishiri Island (Japan) (Agusa et al. 2005), and lower than those from inland dump (2) and coastal area
(Italy) and International Airport, Queens County, New York (USA) (Gochfeld et al. 1996) and South –Western (Poland) (Orlowski et al. 2008) (Table 3).

Pb levels in the livers of OSC gulls were higher than in gulls in all regions compared in Table 3, except for the coastal area and inland dump (2) (Italy) (Leonzio
et al. 1986) and South –Western (Poland) (Orlowski et al. 2008). Pb levels in gulls of CWR higher of Gull Island (Italy), Kent Island (Italy) (Elliott et al. 1992),
International Airport, Queens County, New York (Gochfeld et al. 1996), Rishiri Island, Japan (Agusa et al. 2005) and lower of the Mana island, inland dump,
Coastal area (Italy) (Leonzio et al. 1986; Elliott et al. 1992) and South –Western (Poland) (Orlowski et al. 2008) (Table 3).

According to other studies, Ni concentrations > 10 µg/g d.w. in kidney, and > 3 µg/g d.w. in the liver are toxic in wild birds (Outridge and Scheuhammer 1993).
In this study, 100% and 90% Ni concentrations in liver of gulls in the OSC and CWR, and 80% Ni concentration in the kidney from OSC gulls were higher than
the toxicity level.

Pb, Cd, and Zn levels in muscle, liver and kidney of gulls from the OSR and CWR were lower than gulls in Hara Biosphere reserve (Hoshyari et al. 2012), but
levels of Ni in liver, kidney and muscles of gulls from the OSR and CWR were lower in liver, kidney and muscles in gulls from the Hara Biosphere reserve
(Mansouri et al. 2012b). In the case of Ni, there was only one study to compare, and that was the level of Ni in tissues liver, kidney and muscle of Iranian gulls
of Hara Biosphere reserve (Mansouri et al. 2012b); OSR and CWR gulls have much higher levels than this (Table 3). However, the levels of Zn, Cd and Pb in the
organs of birds in our study areas were lower than for other regions in the world; this indicates the low level of pollution in these regions compared to other
regions in the world. The differences can be attributed to differences in bird diet (and associated contamination) (Savinov et al. 2003; Braune and Simon 2004;
Schummer et al. 2011). The species compared in this study are all from the same family and probably do not have very different diets. This suggests that the
difference in the level of pollution in the these regions are more affected by differences in environmental quality, that in turn has a major impact on the level of
heavy metals in the foods consumed.

In the Beris region on the shores of the Oman Sea (where gull samples were taken), the level of heavy metals in the coastal sediments was as follows: Zn
(mean = 79), Ni (mean = 75.9), Pb (mean = 16) and Cd (mean = 0.13), indicating that the sediments in the region were contaminated with Ni (Hamzeh et al.
2013). The order of the elements in the sediments of this area was in order Ni > Zn > > Pb (Agah et al. 2016). Studies on oysters (Saccostrea cucullata) in this
area of Chabahar coast also showed that Ni is higher than Pb (Einollahi Peer et al. 2010).

3.2. Correlation between elements with weight, length and sex
The signi�cant, high negative correlation between the concentration of elements and the length and weight of gulls was related to the correlation between the
concentration of Cd, Ni, Pb and Zn in the liver with weight (r = -0.691 to -0.785, P < 0.01), and to the correlation between the concentration of Zn and Cd in the
liver and gull length (-0.473, P < 0.05) and (r = -0.490, P < 0.05) respectively (Table 4). A signi�cant, negative correlation was observed between the
concentration of Cd, Ni, Pb and Zn in the brain with gull weight (r = -0.612 to -0.679, P < 0.01), and correlation with brain Ni with length (-0.484, P < 0.05), brain
Zn with length (r = -0.483, P < 0.05), and brain Pb with length (r = -0.445, P < 0.05) (Table 4). After liver and brain tissues, we observed a signi�cant negative
correlation between the concentration of elements in the kidney with weight in the gulls (r = -0.553 to -0.591, P < 0.05). There was not a signi�cant negative
correlation between the concentration of Ni, Zn and Pb in kidney with length, but there was a correlation between Zn kidney level with length (r = -0.0542, P < 
0.05). There were no-signi�cant correlations of any element in muscle with length and weight (Table 4). Similar correlations have been observed in other
studies [50–52]. The level of Cd in the kidney of mallard (Anas platyrhynchos) was negatively related to length and weight (Alipour et al. 2016). There is also a
negative correlation between liver weight and Zn concentration in the grey plover (Pluvialis squatarola) (Lucia et al. 2010). In lesser (Aythya a�nis) and
greater scaup (Aythya marila) the total carcass weight decreased with increased Zn (Takekawa et al. 2002).

Table 4 Correlation coe�cient (r) between the concentrations of trace element with weight and length in slender-billed gull.
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  Weight Length

Weight 1 0.340

Length 0.340 1

Zn liver -0.744** -0.473*

Pb Liver -0.691** NS

Cd Liver -0.725** -0.490*

Ni Liver -0.785** NS

Zn Kidney -0.575** -0.542*

Pb Kidney -0.591** NS

Cd Kidney -0.557* NS

Ni Kidney -0.553* NS

Zn Brian -0.679** -0.483*

Pb Brian -0.669** -0.445*

Cd Brian -0.634** NS

Ni Brian -0.612** -0.484*

Zn Muscle NS NS

Pb Muscle NS NS

Cd Muscle NS NS

Ni Muscle NS NS

NS not signi�cant      *P < 0.05       **< 0.01

There are also gender-related physiological effects in birds. Heavy metals can have adverse effects on physiology of birds and cause defects in their
reproductive process (Martin et al. 2003; Dauwe et al. 2004). High concentrations of Cd in birds causes damage to the kidneys, reduces the number of eggs,
and changes their behavioral responses (Furness 1996). Other effects of Cd in birds include anemia, growth retardation, and testicular damage (Eisler 2000).
Research has also shown that Pb toxicity reduces levels of plasma calcium, body weight, egg count, and reproductive success, kidney damage, and nervous
system effects on synthesis of heme (Berny et al. 1994; Mateo et al. 2003). Although Cu and Zn are essential elements in the body of birds, high levels of
these elements disrupt the reproductive system (Carpenter et al. 2004).

Cd and Pb are very toxic and non-essential elements in the body. If Cd is absorbed by the body through the digestive and pulmonary systems, it combines with
a set of proteins to transport and store Cd in the liver of organisms (Szymczyk and Zalewski 2003). Pb can also have long-term effects on birds' organs and
tissues if absorbed by birds (Beyer and Meador 2011). Zn is an essential element in the body of birds, but high levels of Zn can lead to poisoning and damage
to the liver and pancreas tissues of birds (Kalisińska et al. 2007).

There are con�icting data regarding the level of heavy metals in the body of birds and its relationship with sex. Several studies found differences in metal
concentrations between the sexes (Burger 1993; Swaileh and Sansur 2006), while other studies showed no difference in metals between males and females
(Gochfeld and Burger 1987; Zaccaroni et al. 2003; Taggart et al. 2006). On the other hand, there are gender differences in the ability to remove trace metals.
Females can excrete heavy metals from the body through eggs, which is not the case for males (Burger 1993; Mansouri et al. 2012a). Other differences may
be due to nutritional differences between male and female birds (Gochfeld 1997). There are also gender-related differences in metallothionein, a metal-bound
protein, which may account for gender differences in concentration of heavy metals (Hindell et al. 1999).We did observe signi�cant gender differences
between the Zn, Cd, and Ni content in liver in gulls (Table 5). These results suggest that there is sex-related difference in the gulls. Also, in the present study,
except for Zn, Cd and Ni in liver, there wasn’t evidence of signi�cant differential accumulation between males and females (Table 5). This difference may be
due to diet or to metabolic differences in the liver tissue of these birds.
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Figure 1

Map showing sampling location slender-billed gull Note: The designations employed and the presentation of the material on this map do not imply the
expression of any opinion whatsoever on the part of Research Square concerning the legal status of any country, territory, city or area or of its authorities, or
concerning the delimitation of its frontiers or boundaries. This map has been provided by the authors.

Figure 2

Median concentration (µg/g d.w) Zn, Ni, Cd and Pb in liver, kidney, brain and muscle slender-billed gull


